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Since the seventy's, along with the development and utilization of ocean, 
underwater acoustic communication technology obtained rapid development.Detection 
and enhancement of underwater acoustic signal and is one of the key techniques of 
underwater acoustic communication. This paper focus on enhancing the weak signal 
based on the stochastic resonance theory can accurately detect and enhance the 
characteristics of the weak signal in a low SNR environment, the application of 
stochastic resonance in the detection of underwater acoustic detection signal to achieve 
the enhance of the weak signal. But the classical stochastic resonance theory is for low 
frequency signal, and the detection signal in underwater acoustic communication 
usually is a high frequency Chirp signal submerged in the noise of different. Combining 
the advantages of the theory of stochastic resonance can accurately detect and extract 
the characteristics of the weak signal in a low SNR environment, adding adaptive 
algorithm selection of system parameters, in the process of underwater acoustic 
communication transmission with high frequency Chirp signal, we can use bistable 
stochastic resonance system to signal preprocessing, to realize the transformation of 
marine environment noise energy to signal energy, then the acoustic transmission signal 
can be enhanced. In this paper we do research and analysis to the above theory and the 
simulation and experiment, verified the correctness and feasibility of the principle of 
weak signal in underwater acoustic enhancement and testing provides a new analysis 
methods and design guidance. 
Key words: underwater acoustic communication; Weak signal detection; Chirp 

















第 1 章 绪论 ..................................................................................................................................... 1 
1.1 水声信号检测意义与研究现状 ........................................................................................ 1 
1.2 随机共振技术研究背景 .................................................................................................... 2 
1.3 发展及研究现状 ................................................................................................................ 3 
1.4 论文的主要研究内容 ........................................................................................................ 6 
第 2 章 随机共振理论基础 ............................................................................................................. 9 
2.1 引言 .................................................................................................................................... 9 
2.2 随机共振原理 .................................................................................................................... 9 
2.2.1 郎之万方程 .............................................................................................................. 9 
2.2.2 福克-普朗克方程 ................................................................................................. 10 
2.3 噪声分析 .......................................................................................................................... 11 
2.3.1 白噪声 ................................................................................................................... 11 
2.3.2 色噪声 ................................................................................................................... 12 
2.3.3 海洋环境噪声分析 ............................................................................................... 13 
2.4  双稳态随机共振系统 .................................................................................................... 14 
2.4.1 临界阈值 ............................................................................................................... 14 
2.4.2 驱动信号频率 ....................................................................................................... 16 
2.4.3 输出信噪比 ........................................................................................................... 18 
2.5  随机共振系统的数值解析法 ........................................................................................ 19 
第 3 章 随机共振系统仿真与分析 ............................................................................................... 21 
3.1 引言 .................................................................................................................................. 21 
3.2 低频周期信号仿真 .......................................................................................................... 21 
3.2.1 无信号输入 ........................................................................................................... 21 
3.2.2 单频信号输入 ....................................................................................................... 22 
3.2.3 噪声输入 ............................................................................................................... 23 
3.2.4 带噪信号输入 ....................................................................................................... 24 
3.2.5 调节系统参数 ....................................................................................................... 26 
3.3 高频周期信号仿真 .......................................................................................................... 27 
3.4 级联双稳系统仿真 .......................................................................................................... 31 
3.5 随机共振的参数选取算法 .............................................................................................. 34 
3.5.1 自适应随机共振基本理论 .................................................................................... 35 
3.5.2 基于遗传算法的随机共振系统参数选择 ............................................................ 36 
3.5.3 仿真实验 ................................................................................................................ 39 
第 4 章 水声通信中随机共振的应用 ........................................................................................... 43 
4.1 引言 ................................................................................................................................... 43 
4.2 不同信道条件下的系统仿真 .......................................................................................... 43 
4.2.1 高斯白噪声 ........................................................................................................... 44 
4.2.2 色噪声 ................................................................................................................... 45 
4.2.3 Bellhop 信道模型 .................................................................................................. 47 
4.2.4 海洋环境模板 ....................................................................................................... 50 
4.3 水池实验及结果分析 ...................................................................................................... 52 

















4.3.2 实验流程 ............................................................................................................... 53 
4.3.3 实验结果及分析 ................................................................................................... 55 
4.4 海测试验 .......................................................................................................................... 61 
4.4.1 实验环境 ............................................................................................................... 61 
4.4.2 实验结果及数据分析 ........................................................................................... 62 
第 5 章 总结与展望 ....................................................................................................................... 67 
5.1 论文主要工作总结 .................................................................................................. 67 
5.2 未来工作展望 .......................................................................................................... 68 
参考文献......................................................................................................................................... 69 





















Chapter 1 Introduction ...................................................................................................................... 1 
1.1 The significance and the research present situation of underwater acoustic signal detection
 .................................................................................................................................................. 1 
1.2 The research background of stochastic resonance technology ............................................ 2 
1.3 The development and research status of stochastic resonance technology ......................... 3 
1.4 The main contents of this thesis .......................................................................................... 6 
Chapter 2 Stochastic resonance theory ............................................................................................. 9 
2.1 Stochastic introduction ........................................................................................................ 9 
2.2 Random resonance theory ................................................................................................... 9 
2.2.1 Langevin Equation ................................................................................................... 9 
2.2.2 Fokker Planck Equation ......................................................................................... 10 
2.3 Noise analysis ................................................................................................................... 11 
2.3.1 White noise............................................................................................................. 11 
2.3.2 Colored noise ......................................................................................................... 11 
2.3.2 Colored noise ......................................................................................................... 12 
2.3.3 Ocean ambient noise .............................................................................................. 13 
2.4 Bistable stochastic resonance system ................................................................................ 14 
2.4.1 The critical threshold .............................................................................................. 14 
2.4.2 The frequency of driving signal ............................................................................. 16 
2.4.3 The output signal-to-noise ratio ............................................................................. 18 
2.4.3 The output signal-to-noise ratio ............................................................................. 18 
2.5 Numerical analysis of stochastic resonance system .......................................................... 19 
Chapter 3 System simulation and analysis of bistable stochastic resonance................................... 21 
3.1 Stochastic introduction ...................................................................................................... 21 
3.2 Simulation of low frequency periodic signals in bistable stochastic resonance system .... 21 
3.2.1 No signal input ....................................................................................................... 21 
3.2.2 Single frequency signal input ................................................................................. 22 
3.2.3 The noise input ....................................................................................................... 23 
3.2.4 The noisy signal input ............................................................................................ 24 
3.2.5 Adjusting the system parameters ............................................................................ 26 
3.3 Simulation of high frequency periodic signals in bistable stochastic resonance system ... 27 
3.4 Simulation of high frequency periodic signals in bistable stochastic resonance system ... 31 
3.5 Parameters selection of stochastic resonance algorithm ................................................... 34 
3.5.1 The basic theory of adaptive stochastic resonance ................................................. 35 
3.5.2 Choice of the parameters of stochastic resonance system based on genetic algorithm
......................................................................................................................................... 36 
3.5.3 The simulation experiment ..................................................................................... 39 
Chapter 4 Stochastic resonance technology in underwater acoustic detection based on signal 
enhancement ................................................................................................................................... 43 
4.1 Stochastic introduction ...................................................................................................... 43 
4.2 Enhanced stochastic resonance acoustic signal detection based on different environmen 43 

















4.2.2 Under colored noise ............................................................................................... 45 
4.2.3 Under the condition of Bellhop channel model ...................................................... 47 
4.2.4 Under the condition of the marine environment template ...................................... 50 
4.3 Water tank experiment and results analysis ............................................................... 52 
4.3 Water tank experiment and results analysis....................................................................... 52 
4.3.1 The experimental environment ............................................................................... 52 
4.3.2 The experimental process ....................................................................................... 53 
4.3.3 Experimental results and analysis .......................................................................... 55 
4.4 The measurement test ........................................................................................................ 61 
4.4.1 The experimental site ............................................................................................. 61 
4.4.2 The experiment results and data analysis ............................................................... 62 
Chapter 5 Summary and outlook..................................................................................................... 67 
5.1 The thesis mainly work summary ..................................................................................... 67 
5.2 In the future job prospects ................................................................................................. 68 
Reference ........................................................................................................................................ 68 













第 1 章 绪论 
1 
 
































































































随机共振(Stochastic Resonanee,简称 SR)方法是近 30 年来随着统计物理
理论和非线性动力学的发展而发展起来的一种用于增强微弱信号特征的新方法。
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